Objectives: We wished to clarify the link between bilingualism and cognitive decline, and examine whether improved executive function due to bilingualism may be a factor in preventing cognitive decline.
Prospective longitudinal studies can circumvent the effect of cultural differences in reporting cognitive concerns. Some have shown people who are bilingual scoring higher on cognitive tests and being diagnosed with dementia at a later age 12 but others have not. 13 A recent systematic review and meta-analysis found no difference in the risk of developing dementia in prospective studies comparing bilinguals versus monolinguals. 14 All studies included in the meta-analysis were conducted in northern America. Cohort differences may arise because people can be bilingual for a variety of reasons and use their languages in differing ways. For example, some may have learned their first language in their country of origin and then moved so they speak 1 language at home and another at work. Others may live in societies where most people have at least 2 languages because of diversity in the population and use both languages in their daily affairs.
Some studies have considered whether other factors, known to be risk factors for dementia, such as age, sex, education, and immigration status, 12, 13, 15, 16 could account for the differences in rate of cognitive decline, but only a minority have been able to take into account the possible effect of other risk factors, such as vascular pathology, 12, 13 and none have had information about other risk factors for dementia, such as a history of depression or reduced social contact and activities (Appendix Tables 1 and 2 ). 
Key points
• Previous retrospective studies have found that bilingualism delays the onset of dementia symptoms.
• A recent meta-analysis of prospective studies based in Northern America found no difference in dementia risk between monolingual and bilingual participants.
• We aimed to further clarify the link between bilingualism and cognitive decline by examining a cohort conducted in a different cultural context and including tests of language and executive function. We did not find any evidence that bilingualism protects against cognitive decline nor that it enhances executive function. As the data involved repeated measures at different time points,
we used mixed models analysis with MMSE score as our primary outcome measure. The primary model included time and bilingualism as fixed factors with baseline MMSE as a covariate and a random effect for participant. The residuals from the mixed model were not normally distributed, but given the large sample size, we can draw valid inference regarding the effect estimates. 23 We have assumed that the treatment effect is constant across waves.
As there were 3 tests of language and executive function (verbal fluency, describing similarities, and the Boston naming test), we calculated z-scores for each of these tests and combined them to obtain a composite z-score for language and executive function.
To further clarify the link between bilingualism and cognitive status, we carried out a cross-sectional stepwise forward linear regression using the data from baseline (Wave 1) as this had the highest numbers of participants and the most power. The dependent variable was mean MMSE in Wave 1, and independent variables were any variables that were significantly different between the 2 language groups and may affect cognitive decline in the observed direction.
We checked for correlation between MMSE and education-related variables to rule out collinearity which may have affected statistical analyses. Several social contact variables were highly correlated (eg, contact with children and grandchildren), so to maintain power, we entered only one into the regression model, choosing the one with most real-world applicability. (SD) =6.7). The sample was roughly evenly split between men and women. Most people had left school before the age of 18 years, were married, and were living in the community with others. The bilingual population was younger (mean difference = −2.2 years, P < 0.0001), more commonly married (P = 0.028), and living in the community with others (P = 0.002). They were also less educated (P < 0.0001), less commonly had worked previously (P = 0.019), and more frequently born outside Australia (P < 0.0001). This latter group primarily came from Italy, Poland, Hungary, Germany, and other European countries. Table 2 shows health and social characteristics in the bilingual and non-bilingual populations. Bilingual participants scored lower on the NART, had fewer medical conditions but more frequently had diabetes, and less commonly had had a transient ischaemic attack. They smoked more often, less commonly exercised, and had less social contact with their immediate families.
| RESULTS
The numbers of participants in each wave were as follows: Wave in each wave were bilingual. This is shown in Table 3 , along with numbers lost to follow-up. In the mixed models analysis, taking into account wave of data collection (time) and baseline MMSE, there was no effect of bilingualism status on MMSE decline (Mean difference − 0.33, P = 0.305, shown in Table 4 ). The estimate for time, comparing Wave 12 to baseline cognition, is −1.25 (95% CI −1.87 to −0.62).
We found Spearman's rho correlation between MMSE and age of leaving school was 0.161 (P < 0.0001) and between tertiary education and MMSE was 0.131 (P < 0.0001). In unadjusted linear regression, the mean MMSE in bilingual participants was estimated to be 2.23 points lower (95% CI 1.56-2.90) at baseline than nonbilingual participants (P-value of <0.0001). The adjusted linear regression model, including all relevant predictor variables, is shown in Table 5 presented in Table 6 . Raw scores on language and executive functions tests are in Appendix Table 3 . Appendix Table 4 shows the composite z scores of the language and executive function tests in bilingual and non-bilingual participants and t-test results. Bilingual participants had lower language and executive function test scores compared with the rest of the population at most waves although numbers of bilingual participants completing this testing in later waves were very low.
Those with lower baseline MMSE scores had less data in further waves of cognitive testing. Logistic regression using missing-ness in Wave 3 (the second wave for cognitive data collection) as the dependent variable showed that a lower MMSE was significantly associated with missing MMSE scores in Wave 3 (P < 0.0001).
In a post-hoc sensitivity analysis to see if migrant status could explain the lack of protection of bilingualism, we used t-tests to analyse the effect of migrant status, on MMSE as a function of compared with non-bilingual migrant participants as shown in Appendix Table 5 (eg, mean difference in Wave 1 = −2.22; 95% CI −3.09, −1.35; P < 0.0001). There were less than 7 bilingual nonmigrant participants in each wave, and their test scores were the same as non-bilingual non-migrant participants in all waves. We also examined the effect of education by analysing those with tertiary education separately to those without and found no significant differences in MMSE between bilingual and non-bilingual migrant participants who had completed tertiary education. By contrast, MMSE scores in bilingual migrant participants without tertiary education were significantly lower compared with non-bilingual migrants without tertiary education.
| DISCUSSION
In this cohort of those who were bilingual and spoke a language at home different to the language of the country in which they live, cognitive decline did not differ between bilingual and non-bilingual participants. Bilingualism neither protected from nor exacerbated decline. By contrast, more education in terms of time in formal education was protective, and no other factor proved significant when it was taken into account, apart from the NART. The bilingual participants also had lower language and executive function scores which was explained by the NART. While the NART is strongly predicted by years of education, reading levels are also related to quality of education. 24 Thus, our findings show that cognitive scores are related to ethnicity and accounted for by quantity and quality of education.
This is the first time that bilingualism has been examined in a longitudinal cohort, with detailed data on physical and mental health as well as important demographic factors and executive function tests. At baseline, bilingual participants had lower MMSE scores than non-bilingual participants, possibly due to lower educational attainment, but this difference was lost over time in the follow-up population as those with lower MMSEs less commonly completed further cognitive testing.
The results may seem at odds with some of the published literature, but research in this field is challenging because of the many potential confounding variables associated with bilingualism. 25 Prospective studies permit mitigation of some confounding variables.
Three other prospective studies also report no differences in cognitive decline between bilingual and non-bilingual participants, 13, 26, 27 and these were all in populations where bilingualism may be acquired due to immigration to a predominantly English-speaking country, like our sample.
The ALSA population of immigrants who are bilingual and who do not speak English (the language of testing) at home contrasts with studies where people are tested in their first language, and bilingualism is due to better education rather than change of country. Wilson et al 16 found that more years of language instruction, before the age of 18 years, reduced the risk of developing mild cognitive impairment.
However, those who receive more language instruction may have had more education, and it is unclear whether being bilingual is a specific protection. This is also the case in another study where cognitive decline was delayed in those who spoke English better than their native Spanish, which might again be due to a higher level of educational attainment. 22 It may be that educational attainment also accounts for the positive effects of bilingualism found in an Edinburgh cohort, 28 but as the authors do not comment on baseline differences in education or control for education in their analysis, it is difficult to interpret their findings.
We found no significant effect of bilingualism in the mixed models so did not adjust for age to find if this weakened the effect. Age was not included in the regression analysis because it could not account for observed correlations.
Other studies finding cognitive advantages in speaking additional languages were conducted in multilingual societies in which all participants were at least bilingual. 15, 29 Participants differ as they are immersed in a multilingual society, obtain extensive practice in speaking additional languages, and switch between different languages several times a day. Language use in such circumstances may enhance executive functioning 30 in a way that knowing another language and using it in just 1 environment (eg, the home or work)
may not. In such circumstances, speakers may not know words for certain concepts in their other language, and language switching will be rare. 
| Strengths and limitations
The strengths of this study are the relatively long follow-up in a large sample, with detailed demographic, physical health, mental health, and social activity information and cognitive testing using a standard measure of global cognition as well as language and executive function tests. It is also the first study of its type with an Australian cohort. Previous cohorts have mostly been in North America, Europe, and Israel.
The limitations of our study are that there was significant attrition in the sample over time and that there was a larger loss to follow-up in those with lower MMSE. However, the use of mixed models which includes all data strengthens the validity of our conclusions. In addition, the native language proficiency of our bilingual participants may have declined over time. We may also have missed participants who speak a language other than English outside of their homes though in the predominantly monoglot context of the cohort that number may be small.
The MMSE is partly a language-based instrument so people with less fluent English and less education do worse without having declined cognitively. Thus, our data using the NART and showing it accounts for the lower baseline is a strength, as the effect of education on NART scores is the same regardless of ethnicity or first language. 31 We also did not find a large association between MMSE and measures of education. We acknowledge that the language and executive function tests in this cohort are weighted towards language and therefore could be affected by lack of familiarity with English. In this cohort, those who were able to answer the study's lengthy and Another limitation is the lack of data on dementia diagnosis which would have enhanced the clinical relevance of this analysis.
We would conclude from the results of our analysis that bilingualism is complex and that simply speaking 2 languages does not protect from cognitive decline or enhance executive function. The precise pattern of language use in bilingual speakers may be critical, and certainly such information is necessary to more fully disentangle the longerterm neuroprotective effect of bilingualism from other factors such as educational attainment.
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